Introduction

S
edentary behaviors (SBs), which refers to any waking behavior characterized by an energy expenditure 1.5 METs while in a sitting or reclining posture 1 account for 51-68% of the total waking hours. 2 Sedentary time rules most domains of people's lives, which includes many aspects of vocation, transportation and leisure time. 2 Too much sitting, as distinct from too little exercise, has been detrimentally associated with health outcomes, independent of achieving physical activity (PA) recommendations. 3 Therefore, as most individuals engage in both physical activity (PA) and SBs throughout the day, examining their combined relationship to health has become a key issue. 4 Whether PA can mitigate the deleterious health effects of prolonged sitting time (ST) has been mostly studied relative to physical health and all-cause mortality. 4 However, little is known about how these interactions affect brain health. In this area, most research to date has focused on understanding the relation of PA or aerobic fitness on maintaining and improving brain health and cognition 5 rather than how ST-alone or in combination with habitual PA-affects markers of brain health such as brain structure and function, as well as multiple aspects of cognition (e.g. attention, cognitive control).
Cognitive control refers to a subset of cognitive operations necessary to 'orchestrate thought and action in accord with internal goals. 6 Working memory capacity (WMC) is one of the core components of cognitive control, which involves holding information in mind and manipulating it to meet task goals. 7 WMC plays a fundamental role in predicting performance on a broad range of higher-order capabilities. 8 In young adulthood (i.e. 18-30 years) WMC, in conjunction with other components of cognitive control, is essential for improving vocational performance, academic achievement and for developing skills to achieve life goals and career progress. 9 Previous studies in young adults have indicated that regular PA or aerobic fitness benefit working memory performance, assessed via higher response accuracy and shorter reaction time. 10 In addition, neuroimaging studies have found no differences in behavioral performance, but reported increased efficiency of brain function in higher-fit compared with lower-fit participants. 11 Thus, although studies in young adults are scare, the evidence suggests that PA positively relates to the brain, as engendered by neurophysiological changes, and at the behavioral level in terms of better WMC performance.
Despite ST being highly prevalent among young adults (>8 h/day), 12 especially in university students who spend longer hours sitting in classrooms and studying, 13 the influence of prolonged ST and PA on cognition in this age-group is under-investigated; with most research to date focusing on children and older adults. [14] [15] [16] [17] In this context, this study aims to examine the combined associations between self-reported context-specific ST and PA intensities with WMC and academic achievement in a sample of university students.
Methods
Four hundred fifteen undergraduates (21 years of age AE 3) from University of Vic-Central University of Catalonia were recruited from March 2015 to February 2016. The recruitment process included several phases. First, all coordinators of undergraduate studies (N = 18) were contacted via email to distribute information on the 'BrainFit' study to lecturers. Twenty-two lecturers accepted to recruit university students by either including research participation as part of the students' course curricula (n = 11) or by allowing the researcher to personally invite students to take part in the study (n = 11). Secondly, BrainFit was presented at the students' representative council (n = 16 delegates). Three delegates accepted to disseminate the BrainFit information among students. Finally, placards were distributed among the university buildings. Eligibility criteria included (i) being native Spanish or native bilingual Catalan-Spanish speakers, (ii) no history of neurological disorders and (iii) being free of any medications that influences the central nervous system. The study was approved by the Research Commission of the University and all undergraduates provided written informed consent to participate in the study. During a single 90-min session, participants completed a 54-item survey that assessed (1) socio-demographic variables including age, gender, academic year and academic major, (2) PA levels, (3) domain-specific ST and (4) academic performance. Subsequently, WMC was assessed through a computerpaced shortened multiple complex span task. [21] [22] [23] All data collection was conducted in small groups (N = 15).
PA levels were assessed using the Spanish version of the International Physical Activity Questionnaire (IPAQ) long form. 18 The questionnaire assesses min/week of walking, MPA and VPA across different domains during the last 7 days. Light-intensity physical activity (LPA) was calculated as the sum of min/week spent walking at work, walking for transport and walking in leisure. MPA was calculated by adding up the min/week spent in moderate-intensity activities at work, yard chores, inside chores and leisure time, cycling for transport and vigorous yard chores. Finally, VPA included min/week spent in vigorous-intensity activities at work and in leisure. (see www.ipaq.ki.se for data processing guidelines).
The last 7-d sedentary behavior questionnaire (SIT-Q-7d) 19 assessed ST (min/day) across different domains during weekdays and weekends. The transportation domain included time spent to and from occupation and moving about apart from occupation. Response categories were organized into 15-min blocks, 30 min blocks and 1 h blocks, with the last option being !7 h. The occupation domain was the sum of time (min/day) spent seated while working, studying or volunteering. Leisure screen time was the sum of the amount of time/day seated while watching TV, using a computer apart from work and playing sedentary computer games. Time spent sedentary in other activities was the sum of min/day spent sitting while reading, performing household tasks, providing care for relatives, performing hobbies, socializing, listening to music or 'other activities.' Response categories in occupation, leisure screen time and other activities domains ranged from periods of 15 min, 30 min and periods of 1 h with the last option being !8 h for the occupation domain and !7 h for the leisure screen and other activities domain.
The SIT Q-7d scoring system assigns the midpoint values for each response category (e.g. 1-10 min = midpoint value 5). For the final response categories such as 'more than 1 h,' the midpoint was calculated by adding half of the difference between the upper and lower cut-points of the previous category (i.e. more than 1 h = midpoint value 67.5). The SIT Q-7d showed relatively high validity and reliability in the adult population. 19 A linguistic adaptation of the SIT-Q-7 days-according to Hambleton's guidelines 20 was conducted to validate the instrument to the Spanish-speaking population.
Participants' academic scores (N = 269) were measured as the grade point average (GPA) obtained from all completed courses at the time data collection was conducted. The range for course grades ranged from 5 to 10 (from passing to an excellent). GPA was reported by each participant after consulting with the Education Services of the university. Since first-year students had not yet completed any coursework at the moment of the study participation, GPA was obtained at the end of the academic year by Education Services of the university. GPA was composed of a minimum of 10 courses for first year students, and a maximum of 40 courses in older students (sample average number of courses= 24.24; SD = 7.3).
WMC was measured with the validated Spanish version of the three shortened complex span task (CSTs) in the following order: Operation Span (OSpan), Symmetry Span (SymSpan) and Rotation Span (RotSpan). [21] [22] [23] The OSpan 24 required participants to mentally solve a simple math operation and decide whether a suggested answer was correct or incorrect and subsequently, a letter appeared on the screen. After 3-7 randomly presented math-letter sequences, participants were asked to recall in correct serial order the letters that they had seen by clicking on a letter grid. Each block contained one trial with 3, 4, 5, 6 or 7 math letter sequences totaling 25 letter and math problems per block (50 across 2 blocks). Each study trial was preceded by an instruction phase where first the letters were shown alone, a second trial where the math operations were shown alone and a third trial where both items were paired. During this second practice trial, participants were timed and were required to answer the math question within 2.5 standard deviations (SDs) of their average response time. 21 The Symmetry Span 25 followed the same procedure except that in place of math operations, the distractor task was deciding whether a black image pattern was symmetrical along its vertical axis. The items to be remembered were locations of red squares shown in a 4 Â 4 grid. After 2-5 randomly presented image-square sequences, participants were asked to recall in correct serial order the square positions by clicking on a grid template. Each block contained a total of 14 image-symmetry judgments (28 across 2 blocks).
In the Rotation Span, 25 the distractor task was deciding whether a rotated letter was presented normally or mirror-reversed. The items to be remembered were arrows of varying lengths (short or long) and direction in which they point. After 2-5 randomly presented letter-arrow sequences, participants were asked to recall in correct serial order the length and direction of the arrows they had seen by clicking on a grid template. Each block contained a total of 14 arrow-letter judgments (42 across 3 blocks).
The duration for the items to-be-remembered in all WMC measures were 1000 ms. The scores for the three tasks were calculated by summing the total number of items recalled in the correct order for every trial. 21 Finally, the common variance from the three CSTs was extracted by calculating the average of the zscores for each tasks.
Analysis were conducted using Stata, version 12.0. PA (min/ week) and ST (min/day) variables were described using means, SD, medians and interquartile range. Previous studies have shown that gender is an influencing factor on PA and SB patterns; 26, 27 thus, gender differences on the main variables were assessed by the independent samples t-test and Mann-Whitney test 2 sample. General lineal models examined combined associations between tertile groups of PA intensities (LPA, MPA, VPA) and tertile groups of context-specific ST with WMC and academic achievement as continuous variables (see table 1 for tertile groups of PA and ST). The first model examined associations of PA intensity (h/week) and ST (h/day) with WMC while the second model examined associations of PA intensity and ST with academic achievement. The course of the day involves spending time in active and SBs, 3 instead of examining the associations of each PA and ST with WMC and academic achievement in isolation, we mutually adjusted time spent in PA by ST. This combined adjustment allowed for the examination of whether associations between WMC and academic achievement with context-specific ST were independent of time spend at LPA, MPA and VPA. In addition, due to sex differences in patterns of PA and SB, the two models were adjusted by sex. A Gaussian distribution of the dependent variables was assumed and significance was set at P < 0.05.
Results
From a total of four hundred fifteen undergraduates, 44 participants were excluded from analysis due to (i) not being either native Spanish or native bilingual Catalan-Spanish speakers (n = 16), (ii) not completing both item survey and complex span tasks (n = 17), (iii) having a neurological disorder (n = 1), (iv) incorrect selection of the number of blocks for each complex span task (n = 2) or (v) one or more missing items in any of the scales (n = 8). In addition, 122 participants were eliminated from the ST scale because either total weekdays or weekends ST exceeded 24 h. The final dataset included 371 participants (44% females). The sociodemographic characteristics and main outcomes are described in table 1. Eighty-two percent (82%) of undergraduates achieved PA recommendations (48.8% boys; 34% girls). Boys were significantly more active than girls; reporting higher levels of total PA (+217 min/week; U = 13524.5, P = 0.001) and engaging in higher amounts of MVPA (+107 min/week; U = 14303.5, P = 0.010; U = 13611, P = 0.001) (table 1) .
During weekdays, the highest amount of time spent sedentary occurred during the occupation domain (255 min/day) with girls reporting higher amounts of occupational ST than boys (+53 min/ day; U = 9014.5, P < 0.001). Contrarily, girls significantly spent less time seated during transportation in a weekday compared with boys (À8 min/day; U = 10077, P = 0.015). No gender differences were found in ST patterns during either leisure screen-based SB or other leisure-sedentary activities (all P > 0.05).
During weekends, boys reported higher amounts of time in other leisure-sedentary activities during the weekend compared with girls (+63 min/day; U = 9663.5, P = 0.010) while no statistical differences were found in time spend in front of a screen according to gender.
General lineal models (table 2) indicated that performing >3 h of MPA was positively related to WMC (P < 0.001; table 2), with an PA = physical activity; ST = sitting time; WMC = working memory capacity; Academic achievement = grade point average obtained of all subjects they have completed, range scale: 4-10, where 10 is the highest score. a: Includes watching TV/DVDs/videos, using computer apart from work and playing sedentary computer games. b: Includes reading, household tasks, caring for children, grandchildren, elderly, or disabled relatives, hobbies, socializing, listening to music and an 'other activities' option. Ã: Significant values at P < 0.05. increase of 0.42 points, while light or VPA were not associated with WM scores. The MPA associations were statistically significant after adjusting for time spent sedentary (P < 0.001). Alternatively, PA intensities were not significantly associated with academic performance (P's > 0.05).
Sitting >3 h/day on weekends while performing 'other sedentary activities' such as sitting while listening to music was significantly linked to a reduction of 0.34 points in WM performance even after adjusting for LPA, MPA and VPA (P = 0.012). Similarly, >3 h/ weekday spent in these sedentary activities were inversely associated with academic performance across tertiles of LPA, MPA and VPA (P = 0.033).
Neither low nor high amounts of occupational ST or screen-based entertainment were associated with WMC but, students that spent >3 h/weekday in leisure-forms of screen time had 0.25 points poorer academic achievement, regardless of PA (P = 0.048).
Discussion
This study examined the combined associations between PA and ST with WMC and academic achievement in a sample of undergraduates. Current findings support the limited number of existing studies in young adults 10 suggesting that regular PA optimizes cognitive control processes including benefits in WMC. Consistent with previous acute-exercise studies in this population, 28 MPA was the most beneficial for WMC. Furthermore, the present study goes beyond the existing research by examining how much MPA is necessary to find a beneficial relation with WMC. In this context, >3 h/week of MPA were associated with higher WMC after adjusting for potential confounders such as gender and ST. Such findings may indicate that achieving public health recommendations (>150 min/week of MPA) may not be enough to also benefit WMC.
On the other hand, while evidence exists for a relation between regular exercise and childrens' academic achievement, 29 our results do not extend these benefits to young adults. One possible explanation for the lack of parallelism between populations might be the homogeneity of the academic achievement scores obtained in our sample (SD = 0.65).
The present self-reported ST findings indicated that time spent in specific leisure domains of ST may detract from academic performance and may not be beneficial for WMC, independent of PA intensity and duration. Excessive amounts (>3 h/weekday) of leisure screen-based SB were negatively associated with college students' academic performance regardless of PA. Similar findings were observed in recent child studies, 15, 17 where either screen time or specific activities in front of a screen (Internet surfing) were negatively associated with academic outcomes. Our results might also be explained by the displacement hypothesis, which predicts that leisure screen-time could displace active pursuits. Thus, SB may displace time spent engaging in activities that enhance academic performance such as studying. Yet, it should be noted that while domains of SB may be negatively related to the childrens' academic achievement, some studies reported that total (objectively measured) ST is not associated with academic outcomes. [15] [16] [17] Alternatively, high amounts of non-screen leisure sedentary activities were negatively associated with WMC (>3 h/weekend day) and academic achievement (>3 h/weekday). This SB domain was composed by a wide variety of behaviors that require different cognitive engagements (e.g. reading, socializing, hobbies), which make the findings challenging to interpret. Esteban-Cornejo et al. (2016) found that listening to music and a high social-low-screen pattern was negatively associated with academic indicators. These findings support our results if we were only to consider the socializing and listening to music components of the domain. However, the authors found that reading or studying were positively linked with academic performance, a behavior that is included in our 'other SB' domain. Divergent results in the literature indicate that context-specific SB are an important factor but the association of these behaviors with cognition is complicated and not well understood. Furthermore, the discrepancies between studies may be explained by the different measures used to assess either cognition or ST. Nonetheless, our data suggest that young adults should limit discretionary ST to <3 h/day and concomitantly engage in >3 h/week of MPA in order to enhance WMC and academic performance.
The present study has several limitations. First, the cross-sectional design did not afford causal conclusions. However, descriptive analyses are essential for documenting the potential benefits of health promotion initiatives. Furthermore, to date, most of cross-sectional studies assessed time allocated to PA and SB throughout the day and its relationship to cognitive outcomes in isolation, but not with a combined adjustment approach that reflects the natural co-dependency of both behaviors. Secondly, although questionnaires to assess PA and SB showed reasonable validity and reliability in previous studies, 18, 19, 30 selfreported estimates have the potential to contain error. Thus, objective measures of SB and PA are needed to generate deeper insight into the inter-relationship between health-related behaviors with cognition and academic achievement. Lastly, given that the participants were sampled from a university setting, caution is urged in generalizing these findings to other populations. Ongoing research is required to outline evidence linking both SB and PA to cognition and cognitive function in more heterogeneous samples (e.g. other populations and clinical samples).
